Objectives: Galantamine is an acetylcholinesterase inhibitor and an allosteric modulator of the >4"2 and >7 nicotinic receptors. There are several case reports describing the potential benefits of galantamine for negative symptoms associated with schizophrenia. This secondary analysis describes the effects of galantamine on psychopathology in people with schizophrenia.
A ntipsychotic medications are the mainstay of the pharmacological treatment of people with schizophrenia. Current medications all act at the dopamine D 2 receptors and are mainly effective in alleviating the positive psychotic symptoms of schizophrenia. They do not effectively ameliorate other dimensions of the illness such as impairments in cognition or negative symptoms. 1, 2 Furthermore, a substantial group of people with schizophrenia do not respond at all to antipsychotic therapy or have only a partial and insufficient response. 3 Adjunctive treatment strategies using agents that do not directly target the dopamine system may offer useful synergy in drug action and improve response. The nicotinic cholinergic system is of interest in this population. A substantially greater proportion of people with schizophrenia smoke cigarettes compared with normal controls or people with other mental disorders. 4 This phenomenon has led to investigations of the nicotinic receptor as a possible target for the treatment of symptoms associated with schizophrenia. The 2 most abundant nicotinic receptors in the central nervous system are the >4A2 and the >7 nicotinic receptors. 5 Genetic studies have shown that polymorphisms of the >7 nicotinic receptor gene (CHRNA7) are related to the vulnerability of developing schizophrenia. 6, 7 Postmortem studies have also found that people with schizophrenia have lower concentrations of both nicotinic receptors in several brain regions, 8Y10 lending support to the hypothesis that a dysregulation of the nicotinic system may contribute to the symptomatology of schizophrenia.
Acute nicotine administration has been shown to improve some impairments in schizophrenia, including sensory gating, 11, 12 smooth eye pursuit, 13, 14 and neuropsychological performance in specific domians. 15Y17 However, there is little evidence to suggest that nicotine robustly improves psychopathology 18Y20 ; only 1 study has found cigarette smoking to improve negative symptoms. 16 Nicotine has a very high affinity for the >4A2 nicotinic receptor. 21 However, chronic nicotine induces tachyphylaxis 22 in humans and has many serious associated toxicities. Therefore, it is not an ideal agent to use for long-term enhancement of nicotinic receptor function and may not represent the optimal method of assessing nicotinic enhancement for the treatment of psychopathology in schizophrenia.
Galantamine is an acetylcholinesterase inhibitor (AChEI) and an allosteric modulator of the >4A2 and >7 nicotinic receptors. 23Y25 Several case reports found galantamine beneficial for improving symptoms in treatment refractory subjects with schizophrenia 26, 27 and also those with prominent negative symptoms. 28, 29 Another small open-label study reported improvements in the Positive and Negative Symptom Scale (PANSS) total and positive symptom scores with galantamine treatment. 30 Recently, however, 3 randomized placebocontrolled studies found galantamine did not have a significant effect on the total psychopathology or negative symptoms in people with schizophrenia. 31Y33 However, the largest of these double-blind trials recruited only 38 subjects 31 and was in a population that have tardive dyskinesia.
In this article, we report a secondary analysis on the effects of adjunctive galantamine on psychopathology in a large doubleblind trial of chronically ill subjects with schizophrenia. Because cigarette smoking may be a complicating factor in clinical trials assessing medications that act at the nicotinic receptor, we also investigated the effects of cigarette smoking status on galantamine effects. Postmortem results have found smoking increases the quantity of high-affinity nicotinic receptors in the cortex of people with schizophrenia. 10 The up-regulation of receptors from smoking enhances the number of receptors but may also cause a desensitization of these receptors. 10, 34 Smoking may enhance galantamine treatment of negative symptoms because of the fact galantamine allosterically modulates nicotinic receptors, thereby increasing the affinity of the receptor for acetylcholine, unlike other AChEIs (donepezil and rivastigmine) which only augment nicotinic receptor firing through inhibition of acetylcholine metabolism.
MATERIALS AND METHODS

Inclusion/Exclusion Criteria
Subjects included were inpatients or outpatients between the ages of 18 and 60 years with a Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) diagnosis of schizophrenia or schizoaffective disorder as assessed by the Structured Clinical Interview for DSM-IV. 35 The primary outcome measure in this clinical trial was cognition; therefore, each subject was required to have at least minimal impairment in cognition as defined by a Repeatable Battery of Assessment of Neuropsychological Status 36 total score of 90 or less. Neurocognitive results are presented elsewhere. 37 A minimum or maximum total score for the Brief Psychiatric Rating Scale (BPRS) 38 or Scale for the Assessment of Negative Symptoms (SANS) 39 was not required; however, all subjects were required to be in a chronic-stable phase of illness, as assessed by their primary physician. Subjects were required to be treated with a second-generation antipsychotic, other than clozapine, or a low-dose first-generation antipsychotic without concomitant anticholinergic treatment and have a Simpson-Angus Extrapyramidal Symptom 40 total score of 4 or less. Excluded subjects were those with an organic brain disease (eg, seizure disorder, stroke), mental retardation, a history of second-or third-degree atrioventricular block, and a chronic unstable medical condition or those who are pregnant. Subjects should not have a DSM-IV diagnosis of alcohol or substance abuse in the last month or a DSM-IV diagnosis of alcohol or substance dependence in the last 6 months. Also, subjects currently treated with ACHEIs were excluded.
Assessments
Clinical assessments included the BPRS (18 items; 1-to 7point scale), SANS (22 items; 1-to 5-point scale), and the Clinical Global Impression Scale (CGI). All 3 assessments were performed biweekly. Brief Psychiatric Rating Scale subfactors included positive symptoms (conceptual disorganization, suspiciousness, hallucinations, and unusual thought content) and anxiety/depression (anxiety, depression, guilt, and somatic concern). 41 A modified SANS total score was used which included all items except inappropriate affect, poverty of content of speech, social inattentiveness, inattentiveness during mental status testing, and all global items. 42 All raters were trained, and intraclass correlation coefficients for the 3 clinical assessments ranged from 0.76 to 0.9.
Study Methods
Subjects were randomly assigned to adjunctive galantamine or placebo for 12 weeks in this double-blind, parallelgroup trial. Before randomization, subjects were assessed for stability of symptoms in a 2-week evaluation phase. The University of Maryland and the State of Maryland Department of Health and Mental Hygiene institutional review boards approved the study. Written informed consent was obtained from all subjects after study procedures and risks had been fully explained and before participation in the study. Subject ability to provide valid informed consent was documented using study-specific procedures. 43 
Dosing and Adherence
Subjects randomized to galantamine were started on 8 mg/d, the dose was increased by 8-mg/d increments every 4 weeks. If subjects could not tolerate the increase in dose, they were allowed to continue on the last tolerated dose. Galantamine and matching placebo were given twice daily. Adherence was measured by weekly pill counts and medication review. An adherence plan was also put into place for all outpatient subjects; this consisted of medication checks by family and/or mental health care providers who had extensive contact with subjects. Subjects were considered adherent to study medication if they had received 75% of their medication.
Statistical Analysis
Mixed-model analysis of covariance was used to examine changes in BPRS and SANS total scores and subscales. We also examined the interaction of smoking status by medication treatment on the effects of positive and negative symptoms. Subjects were defined as smokers if they had an expired CO of 8 ppm or greater at baseline, or a chart record of current smoking in the absence of measurements. Analysis for smokers versus nonsmokers was conducted by adding terms for smoking, smoking Â treatment, smoking Â time, and smoking Â treatment Â time to the mixed models for each outcome measure.
RESULTS
Subjects
The progression of subjects from recruitment through the end of study is shown in Figure 1 . In the galantamine arm, 32 subjects were outpatients and 10 were inpatients, whereas the placebo arm had 31 outpatients and 13 inpatients. In both arms, 3 subjects were treated with low doses of conventional antipsychotics. The remaining subjects were treated with second-generation antipsychotics. Seventy-nine subjects received at least 1 postrandomization symptom assessment and are included in the psychopathology analyses. Demographic and clinical characteristics of the subjects who entered the double-blind phase are presented in Table 1 . There were no significant differences in demographic, clinical, or baseline symptom characteristics. The effects of galantamine on neurocognition, side effects, and extrapyramidal symptoms are reported elsewhere.
Psychopathology
No significant differences were observed between the galantamine and placebo treatment arms on BPRS total score (mean T SE) with galantamine showing an estimated change over 12 weeks of j2.1 T 1.1 versus placebo j0.7 T 1.35 (t 448 = j0.54; P = 0.59) (Fig. 2) . Similarly, the SANS total score was not significantly different between galantamine (j1.9 T 0.83) and placebo (0.04 T 0.83) (t 65.8 = 1.64; P = 0.106) (Fig. 3) .
The treatment arms also did not differ in estimated change scores for the BPRS subfactor scores of positive symptoms (galantamine, j0.8 T 0.5, vs placebo, j0.5 T 0.4) (t 448 = j0.55; P = 0.58) or anxiety/depression (galantamine, j0.1 T 0.4, vs placebo, j0.4 T 0.3) (t 448 = 0.65; P = 0.51). An analysis of the SANS subfactor scores found that alogia was significantly improved in the galantamine treatment arm (j0.21 T 0.05) compared with placebo (j0.02 T 0.08) (t 71.2 = 2.77; P = 0.007). There was also a trend noted for improvements with galantamine in the blunted affect subfactor score (j0.21 T 0.08) versus placebo (j0.02 T 0.08) (t 71.3 = j1.77; P = 0.081). No treatment differences for anhedonia (galantamine, j0.03 T 0.08, vs placebo, 0.08 T 0.08) (t 69.3 = 0.94; P = 0.35) or avolition (galantamine, j0.02 T 0.09, vs placebo, j0.02 T 0.09) (t 62.7 = 0.06; P = 0.95) subfactors were observed.
There was no difference in the change of CGI severity scores (F 1,78 = 0.00; P = 0.96); neither arm showed significant changes during the study (galantamine [mean T SD]: baseline, 4.3 T 0.7; 
Effects of Smoking on Treatment of Psychopathology
The percentage of subjects classified as smokers was similar between the 2 groups. The galantamine treatment arm had 17 (45%) of the 38 subjects meet criteria for smoking, compared with 24 (58%) of the 41 subjects in the placebo arm. The exploratory analysis did not find a significant interaction of smoking status with treatment group on the BPRS and SANS subfactor scores ( Table 2 ). The one exception was with the anxiety/depression subfactor of the BPRS scale in which there was a trend toward a treatment Â smoking interaction (P = 0.097).
CONCLUSIONS
In this study, subjects with chronic schizophrenia and stable positive and negative symptoms did not show improvement in global measures of these symptoms with adjunctive galantamine treatment compared with placebo. Previous reports have found improvements in negative symptoms with galantamine, 28, 29 although larger controlled studies have not replicated these observations. 31Y33 It should be noted, however, that subjects in this study were recruited based on cognitive ability and stability of psychiatric symptoms. Thus, subjects enrolled in the study did not have high levels of negative symptoms or enduring symptomatology, consequently, this study may not have adequately detected galantamine's effects on persistent negative symptoms. Nevertheless, despite low to moderate levels of negative symptoms at baseline, galantamine-treated subjects did improve in alogia, a SANS subfactor. This finding is similar to that described in a previous case series by Ochoa and Clark. 29 In an open-label trial, these authors reported that in a subject population with high levels of negative symptoms, galantamine treatment (N = 13) showed the most robust symptom improvements in the alogia subfactor of the SANS among all the negative symptom domains measured.
Alogia, or poverty of speech, is considered a core aspect of the negative symptom construct. 44 It has been suggested that alogia is related to the cognitive impairments present in schizophrenia. 45 In fact, it has been suggested that semantic memory disorganization may contribute to the symptom of alogia in schizophrenia. 46 Therefore, it is possible that the observed improvements in alogia are related to the improvements of processing speed and verbal memory that were also observed in this group.
Galantamine may improve only a subset of negative symptoms. It is widely accepted that pharmacological agents influence specific domains of cognition; recently, it has been suggested that the treatment of negative symptoms should be thought of in the same way: not globally, but only in specific symptom domains. 44 In this study, alogia was improved, and blunted affect tended toward improvement with galantamine treatment. Blunted affect and alogia are highly correlated subfactors on the SANS. 47 As high doses of nicotine have also been shown to improve alogia in subjects with schizophrenia, 16 there is now support that the symptoms of alogia may be mediated, in part, through alterations in the nicotinic system.
In this study, cigarette smoking did not modify the effects of galantamine on any of the psychiatric symptoms. Randomization for treatment was not based on smoking status or amount of cigarettes smoked per day. Therefore, a treatment interaction between smoking and galantamine cannot be rejected based on The results of this study are limited by the fact that this was a secondary analysis with chronic stable subjects who did not have high levels of symptomatology, specifically in negative symptoms where a hypothesized effect may occur. In particular, symptoms of alogia, where a possible effect was noted, were both infrequent and moderate in severity.
Recently, another nicotinic medication, varenicline, has been reported to exacerbate psychiatric symptoms in 2 case reports. 48, 49 Varenicline is a partial agonist at the >4A2 nicotinic receptor and, at doses higher than those typically used for smoking cessation, a full agonist at the >7 nicotinic receptor. 50 Cholinergic neurons mediate norepinephrine and dopamine release, which in turn can precipitate psychiatric symptoms. However, similar to the findings of others, 29, 30, 32, 33 galantamine treatment was safe in our study: illness exacerbation did not occur during treatment in any subject.
In conclusion, this study did not confirm earlier reports that adjunct galantamine treatment improves global negative symptoms, but suggestive improvements were noted in alogia. Further study is needed inthose with alogia to determine if galantamine is effective for this primary and enduring negative symptom in people with schizophrenia. 
